The long term growth of 20 girls and nine boys with juvenile primary hypothyroidism was studied until they reached final height. At diagnosis the girls had a mean age of 8*8 years (range 3-0-13-0); mean bone age was 5-4 years. The mean age of the boys at diagnosis was 9.5 years (range 3.7-14-2); mean bone age was 6-3 years. The patients were treated with thyroxine 100 [tg/m2/day and serum thyroxine concentrations were maintained in the normal range. During treatment the rate of skeletal maturation exceeded the change in chronological age. Initial mean height SD score for bone age before treatment in the girls was +0 59 and after 11 years of treatment fell to -0-55. Mean height SD score for bone age in the boys decreased from + 1-6 to -0-87 during treatment.
concentrations were maintained in the normal range. During treatment the rate of skeletal maturation exceeded the change in chronological age. Initial mean height SD score for bone age before treatment in the girls was +0 59 and after 11 years of treatment fell to -0-55. Mean height SD score for bone age in the boys decreased from + 1-6 to -0-87 during treatment.
In the girls the onset of puberty was 1-2 years later than the normal population but the duration of puberty was reduced. Mean age (SD) of menarche was 13-8 (1.7) years. The pattern of growth in girls with treated hypothyroidism was abnormal as growth continued after menarche, at a time when normal girls have almost stopped growing. During the second year after menarche our patients stili had a mean growth velocity of 4-1 cm/year.
Our data suggest that juvenile primary hypothyroidism results in a permanent height deficit. In addition, there is a loss of the normal harmony between growth and sexual maturation in girls, despite adequate treatment, in that growth continues for much longer after menarche than in normal girls. In normal girls peak height velocity occurs at a mean of 1-4 years before menarche when growth deceleration is maximal.7 The correlation of age at peak height velocity and age at menarche is approximately 0Q9.7 We used these data for the analysis of growth during puberty, using the mean growth velocity from the data of Tanner and Whitehouse for normal girls.9 10 Differences between mean values were tested by using the t test for unpaired samples.
Results
Serum concentrations of thyroxine and thyroid stimulating hormone were maintained in the physiological range in all patients and there was no biochemical evidence of overtreatment.
In the girls, mean height SD score for bone age before treatment was +0-59. At the age of 17-5 years, after 11 years of treatment, mean height SD score for bone age was -0-55 (p<0-01, fig 1) . In the boys the mean initial height SD score for bone age was + 1-6 and after nine years of treatment at the age of 16-5 years, height SD score for bone age decreased to -0-87 (p<0-02, fig 2) . At attainment of adult stature all the patients, except for one girl, were below the 50th centile. 9 10 In the boys with treated hypothyroidism the onset of genital development occurred at a mean age of 13-3 (1-4) years, 1-7 years later than normal population.'4 Their sequence of sexual maturation and its relationship to the growth spurt was indistinguishable from normal boys. By contrast, the pubertal growth spurt in the girls with treated hypothyroidism had different characteristics from 'those of normal girls.9 15 The onset of puberty (breast stage 2) was a mean of 12-4 years, 1-2 years later than normal girls. ' '5 at breast stage 4 in our patients, so that the time from the onset of puberty to menarche was reduced in the girls with primary hypothyroidism. Although the intensity of the growth spurt was indistinguishable from normal girls, the pattern of growth differed (fig 3) . Growth continued at a faster rate than in normal girls and at menarche mean growth velocity was 7-2 cm/year. During the first year after menarche, when normal girls have almost stopped growing, our patients had a mean growth velocity of 5-1 cm/year and during the second year a velocity of 4-1 cm/year (fig 3) . However, the girls demonstrated a normal sequence of acquisition of secondary sexual characteristics, which excluded abnormal pubertal development characterised by isolated breast development and raised concentrations of 'follicle stimulating hormone. 16 
Discussion
We have demonstrated that catch up growth is incomplete after treatment of long standing juvenile hypothyroidism. Our patients did not attain their genetic growth potential as assessed both by height SD' score for bone age. The final height of all the patients, except one, was below the mean for the normal population. Certainly precocious or abnormal sexual maturation were not contributory factors in our patients.'6 Our findings, in terms of the long term growth sequela of juvenile acquired hypothyroidism, are similar to those of Rivkees et al. 4 We have based our assessment of height prognosis on height for bone age SD score, predominantly as height at diagnosis in our patients was far below the normal range. Methods of bone age assessment and height prediction vary in their accuracy according to age and diagnosis.'7 Bone age assessment compares the morphology of the epiphysis and its relationship with the metaphysis. "' Certainly hypothyroidism disproportionately affects the epiphysis and it is not surprising that such assessments may deliver low scores. This 'artifact' may explain why bone age scores at diagnosis in primary hypothyroidism are disproportionately delayed to a greater extent than height age.
Non-compliance may be important because of either over or under treatement. It was impossible to exclude intermittent noncompliance as a contributory factor in our patients. Occasional blood tests, taken at planned clinic visits, assess only short term events and offer no reassurance of longer term compliance. Prolonged severe hypothyroidism may diminish the potential for catch up growth. It may be that delay in the onset of treatment is a critical factor in limiting catch up growth and emphasises the need for early recognition of this disorder. 18 We do not know what leads to disproportionate catch up in bone age compared with height advance during early treatment. Histomorphometric studies in adults with primary hypothyroidism have shown exaggerated osteoclastic activity and reduced bone mass. This finding may be related to calcium deficiency and is associated with low concentrations of stimulated calcitonin. '9 20 It is probable that multiple factors are involved.
In the girls growth at puberty both in duration and quality was abnormal. Our patients had an abnormal pattern of growth after menarche with loss of the normal relationship between growth and pubertal maturation. The girls continued to grow after menarche even though initial catch up growth had been completed. We can offer no explanation of why girls with juvenile primary hypothyroidism are shorter than expected, despite growing faster and for longer during puberty. The use of a gonadotrophin releasing hormone analogue, to delay the timing and duration of puberty, may be a possible therapeutic approach but results in short normal children have been disappointing.2'
These observations indicate that the treatment of acquired primary juvenile hypothyroidism is associated with compromised final height despite adequate replacement treatment. In girls after the initial phase of catch up growth associated with thyroxine treatment, both growth and its relationship to pubertal development remain abnormal. Despite the age at onset of primary hypothyroidism, 'adequate' replacement treatment with thyroxine does not lead to a normalisation of growth and its relationship to sexual maturation.
